ABSTRACT The epidemiological risk of infection by Trypanosoma cruzi Chagas in human populations of western Mexico is still under study. Although most vectors in this region and their vector capability are already known, new studies estimating the risk and the importance of individual Triatominae species (Hemiptera: Reduviidae) for T. cruzi transmission are necessary. For 1 yr, every month, Ͼ400 human dwellings and their surroundings in eight communities of two western Mexico states were searched for triatomines. More than1,000 specimens representing four species were collected and checked for T. cruzi infection. Based on the usual entomological indices, only the inhabitants of Gavilán El Progreso-La Villita are at serious risk of vectorial infection by T. cruzi. A population of Meccus longipennis (Usinger) was found living in peridomestic rock pile boundary walls after an insecticide spraying. It was conÞrmed the major role of peridomestic habitats as shelter areas for triatomines, particularly in rock pile boundary walls and chicken roosts. Triatominae presence also was veriÞed in certain sylvatic habitats, including primarily heaps of stones. The important role of M. longipennis in the potential transmission of T. cruzi in the region and the secondary role of M. picturatus (Usinger) and Triatoma barberi Usinger also were conÞrmed. Null colonization of houses by T. barberi, which was collected primarily in peridomestic habitats, differs from its common intradomiciliary collection in other studies. Meccus pallidipennis (Stål) most probably does not exist in Nayarit. Meccus mazzottii (Usinger) and Meccus phyllosomus (Burmeister) are no longer found in Nayarit and Jalisco. Additional studies are necessary to determine the current epidemiological situation in other areas of western Mexico.
In 2003, 34 species of triatomines in total had been recorded in Mexico, 14 of which had been reported in western Mexico (Zárate and Zárate 1985, Galvão et al. 2003) . Of these, Meccus longipennis (Usinger), Meccus pallidipennis (Stål), Meccus picturatus (Usinger), Meccus mazzotti (Usinger), and Meccus phyllosomus (Burmeister) were under Triatoma, until the revalidation of the genus Meccus by Carcavallo et al. (2000) . This genus includes these Þve species, and Meccus (formerly Triatoma) bassolsae (Alejandre-Aguilar, Nogueda-Torres, Corté s-Jimé nez, Jurberg, Galvão & Carcavallo) , reported in central Mexico, all of them grouped in the Meccus phyllosomus (formerly Triatoma phyllosoma) complex (Galvão et al. 2003) . Most species of the Meccus phyllosomus complex (exception of M. bassolsae) are among the nine most important vectors of Trypanosoma cruzi Chagas in Mexican human populations (Cruz-Reyes and Pickeri-Ló pez 2006). The same Triatominae species as well as Triatoma barberi Usinger are the reputed vectors in western Mexico (Martṍnez-Ibarra et al. 2001 , Espinoza-Gó mez et al. 2002 , Breniere et al. 2007 ), a region characterized by a wide range of distribution, high natural infection with Trypanosoma cruzi Chagas (Ͼ25% of sampled individuals), and frequent association with human dwellings (Ͼ50% of houses with nymphs) (Magalló n-Gasté lum et al. , Breniere et al. 2007 .
Although several recent studies have been carried out in western Mexico regarding triatomines diversity and their entomological indicators (Espinoza-Gó mez et al. 2002 , Magalló n-Gasté lum et al. 2006 , Breniere et al. 2007 , further research in unstudied areas is still necessary to complete the epidemiological "puzzle" for this region of Mexico. Moreover, in most studies involving the collection of triatomines, sylvatic triatomines were not collected; Þeld researchers caught only a few specimens or did not collect any (Espinoza-Gó mez et al. 2002, Magalló n-Gasté lum et al. 2006, Breniere et al. 2007 ). These barely studied sylvatic triatomines may migrate to human dwellings, as with M. longipennis, which migrates to peridomestic rock pile boundary walls (Magalló n-Gasté lum et al. 2004 , Martṍnez-Ibarra et al. 2005a and to chicken roosts (Martṍnez-Ibarra et al. 2005a ). Migration to peridomestic ecotopes is frequently the Þrst step for the invasion and colonization of human dwellings, because these ecotopes may serve as transitional environments between wild and home sites (Magalló nGasté lum et al. 2004 , Martṍnez-Ibarra et al. 2005a .
Control of vectorial transmission of Chagas disease has traditionally relied on the spraying of houses with insecticides. Consequently, improved understanding of peridomestic and sylvatic populations will allow the modiÞcation of current control strategies to accommodate potential migrations from sylvatic habitats to human communities and from peridomestic habitats to indoor environments, because reinfestation of sprayed houses by triatomines from peridomestic habitats has been documented previously (Gü rtler et al. 1999 , Cé cere et al. 2002 . The purpose of this study was to determine and describe certain epidemiological situations in which sylvatic and peridomestic triatomine populations live in adjacent habitats within the villages of the studied area, in western Mexico. This study also seeks to improve our understanding of the current epidemiological role of individual species in the potential transmission of T. cruzi to human populations, in the region.
Materials and Methods
Study Area. From January to December 2004, triatomine bugs were surveyed in and around eight small villages (each with 50 Ϯ 5 households), which were Ϸ80 Ð90 km distant from each other. All villages were located along west and southern Jalisco state and the southern portion of adjacent Nayarit state, Mexico, in an area where various species of M. phyllosomus complex had been reported previously (Magalló n- Gasté -lum et al. 1998 , SSJ 2003 . The villages located in the state of Jalisco were as follows: El Quemado (19Њ 14Ј N, 103Њ 36Ј W) in the municipality of Sayula; Gavilán El Progreso-La Villita (21Њ 03Ј N, 103Њ 24Ј W), in the municipality of Teocuitatlán de Corona; Lázaro Cár-denas (20Њ 27Ј N, 103Њ 58Ј W) and Ipazoltic (20Њ 27Ј N, 104Њ 01Ј W), in the municipality of San Martṍn Hidalgo; Tecomatlán (19Њ 4Ј N, 104Њ 25Ј W) , in the municipality of Autlán de Navarro; Talpa de Allende, (20Њ 22Ј N, 104Њ 54Ј W), in the municipality of Talpa de Allende; and Juan Gil Preciado (20Њ 20Ј N, 105Њ 02Ј W), in the municipality of La Huerta; and the village was located in the state of Nayarit, Jomulco (21Њ 10Ј N, 104Њ 25Ј W), in the municipality of Jala (Fig. 1) .
Most of these villages are located at altitudes Ͼ1,100 m above sea level. Only Tecomatlán (900 m) and Juan Gil Preciado (500 m) are situated at lower regions. Except for this last village, all others are in areas characterized by the presence of perennial pine (Pinus spp.), holm oak, and oak forest (Quercus spp.), which, in most cases, has been cleared for cultivation around the villages. The major crops are corn (Zea mays L.) and tequila agave (Agave tequilana Weber). Mean annual temperature ranges from 20.9ЊC, in El Quemado, Lázaro Cárdenas, and Ipazoltic, to 25ЊC, in Juan Gil Preciado. Annual rainfall also varies considerably, from 579.8 mm, in Gavilán El Progreso-La Villita, to 1,020 mm, in Talpa de Allende. Most villages, except for Juan Gil Preciado, have a wet season from June to October, a semidry autumn, and dry winter and spring (SEGOB 2007) . Collection of Triatomines. In total, 12 3-d Þeld trips were carried out to each village. Sampling embraced all natural ecotopes of triatomines (e.g., bird nests, hollow trees and cracks, holes in the ground, railings, rock pile boundary walls, heaps of stones, fallen cacti, hollows in caves and cliffs) and their ecotopes in human dwellings. Presence or absence of triatomines in each residence was assessed through 20-min intradomicile and 20-min peridomicile timed manual collection for adult or nymphal triatomines. Daytime searches were conducted with the aid of a ßashlight for looking into cracks and crevices throughout the interior of buildings, in cupboards, behind pictures on walls, and under furniture and bedding. A team of three trained personnel conducted the searches on every single house in each village. The intradomiciliary (domestic) area make up the interior of houses and attached buildings, those rooms circumscribed by the main walls of the dwelling were inhabitants normally sleep. The peridomiciliary (peridomestic) area was deÞned as the area surrounding the homesteadÑ usually a fence compound, often including rocks and mounds of construction materials, animal shelter, and agricultural products. In consequence, human dwellings (intradomiciliary and peridomiciliary areas) included the areas from main construction to fences (from 20 to 30 m) (Bautista et al. 1999) , whereas the sites beyond fences were considered sylvatic habitats. In addition, there were 30 wire-netting bait-traps, based on those described as Noireau traps (Noireau et al. 2002) , but modiÞed as follows: large (20-by 10-by 10-cm) metal traps instead of small plastic containers, entirely covered with ordinary single-sided adhesive tape (instead of partially covered with double-sided), each containing a Wistar rat (instead of a mouse). Traps were placed for one night in 15 different sites, including bugs natural ecotopes (described above). Triatominae were collected by hand during the day, with the aid of ßashlights, and they were placed inside plastic containers labeled with collection data (place of capture and sex) with tweezers. Standard keys were used to identify collected species (Lent and Wygodzinsky 1979) , but if necessary, we also used descriptions of laboratory hybrids of M. picturatus and M. pallidipennis by various authors (Mazzotti and Osorio 1942, Martṍnez-Ibarra et al. 2005b) , along with earlier descriptions of similar hybrids under natural conditions from Talpa de Allende, one of the villages in our study (Martṍnez-Ibarra et al. 2005b) . For the purposes of this study, a hybrid is the resulting offspring from the crossbreeding of parent individuals of two different species (De la Loma 2003) . Alive collected individuals were transported to laboratory, fed on Swiss mice and placed individually in petri dishes until defecation. Infection by T. cruzi was determined through microscopic examination of feces. Parasites detected in the feces were collected and intraperitoneally inoculated in Swiss mice.
Entomological indices by village and by species were determined according to Silveira et al. (1984) . It was calculated the infestation index (number of houses infested by triatomines/number of examined houses ϫ 100), which was positive when the presence of at least one triatomine was detected. The density index is the number of captured triatomines/number of examined house. The crowding index is the number of captured triatomines/number of houses with triatomines. The colonization index is the number of examined houses with triatomine nymphs/number of examined houses with triatomines ϫ 100. The natural infection index is the number of triatomines with T. cruzi/number of examined triatomines ϫ 100. Collected nymphs were grown to adult stage to conÞrm species identiÞcation.
Statistical Analysis. Data were analyzed using the Epi Info 6.04 package (Epi Info 2006) . Chi-square tests were used to compare distribution among several categories Differences were considered signiÞcant for P Ͻ 0.05, taking in account the BonferroniÕs correction, which was applied depending on the number of analyzed groups.
Results
Collection of Triatominae. In total, 1,021 triatomines representing two genera, Triatoma (T. barberi) and Meccus (M. longipennis, M. picturatus, M. pallidipennis, and an apparent hybrid of M. picturatus, and M. pallidipennis), were collected in the studied area. Of these, the most common species in the entire study area was M. longipennis (53.7%). SigniÞcant ( 2 ϭ 936.27, df ϭ 4, P Ͻ 0.00001) differences were recorded when the abundances of the Þve collected "species" were compared (Figs. 2 and 3) .
According to collection site, more specimens (54.9%) came from peridomestic areas than domestic (24.2%) (Fig. 2) or sylvatic areas (20.9%) ( 2 ϭ 324.47, df ϭ 2, P Ͻ 0.000001) (Fig. 3) . Natural infection indices were similar for domestic areas (21.9%; n ϭ 247) and sylvatic areas (20.7%; n ϭ 213) but higher in comparison with those of peridomestic areas (13.0%; n ϭ 561) ( 2 ϭ 12.58, df ϭ 2, P Ͻ 0.002) (Fig. 2) . With regard to the collected species, natural infection indices per species varied widely, the highest being observed in M. longipennis (21.7%; n ϭ 548), whereas the lowest was recorded in T. barberi (3.1%; n ϭ 96) (Figs. 2 and 3) ( 2 ϭ 28.35, df ϭ 4, P Ͻ 0.00001).
Finally, considering the villages, the village where more species were found was Talpa de Allende (four; three species and the apparent hybrid), whereas only one species could be collected in four villages. Talpa de Allende also had the highest number of collected specimens (Table 1 ). The infestation index was low in most villages, except for Gavilán El Progreso-La Villita area. Density and crowding indices were similarly low in most communities (Table 1) .
A poor colonization index was found in all communities, with the exception of Juan Gil Preciado. The lowest natural infection indices were recorded in Gavilán El Progreso-La Villita and Lázaro Cárdenas, whereas the highest index was recorded in Talpa de Allende. SigniÞcant differences ( 2 ϭ 36.97, df ϭ 7, P Ͻ 0.01) were observed when all villages were compared (Table 1) .
Discussion
More than 1,000 triatomine specimens were collected. The number of specimens collected may be higher due to the use of wire-netting bait-traps in peridomestic and sylvatic habitats, as previously reported by Noireau et al. (2002) and Magalló n-Gastélum et al. (2004) .
Most specimens (54.9%) were collected in peridomestic habitats, primarily brick piles, rock pile boundary walls, and chicken roosts, as reported previously for species of the M. phyllosomus complex in different areas of Mexico (Bautista et al. 1999 , Magalló n-Gasté lum et al. 2006 . Surprisingly, most T. barberi specimens also were found in peridomestic areas, particularly chicken roosts, in contrast to reported collections of mainly domestic populations in different regions of Mexico. In addition, the few specimens collected indoors were adults, showing the lack of colonization in this region as opposed to conditions in some other states of Mexico (Ramsey et al. 2000 , Ló pez-Cárdenas et al. 2005 , Salazar-Schettino et al. 2005 . A population of M. longipennis was found living in peridomestic rock pile boundary walls after a spraying in Ipazoltic. These results conÞrm the role of brick piles, rock pile boundary walls and chicken roosts in the maintenance of remnant populations of triatomines after sprayings, which may increase the risk of recolonization of human dwellings by triatomines, as documented earlier in South America (Gü rtler et al. 1999 , Cé cere et al. 2002 .
A population of 18 specimens of M. longipennis was collected using wire-netting bait-traps from a cave inhabited by a colony of Artibeus jamaicensis Leach, a frugivorous bat species that is common in this region. Apparently, caves inhabited by this bat species can be proÞtably used as shelters by some species of the M. phyllosomus complex, as reported previously for M. pallidipennis, in Morelos (Villegas-Garcṍa and Santillán-Alarcó n 2001).
Natural infection index was higher in triatomines from domestic and sylvatic areas than in those collected in peridomestic habitats. This is probably because close to 50% of all peridomestic triatomines were collected from chicken roosts; thus, they were most likely feeding on chickens and hens, which are refractory to T. cruzi infection.
An unusually high number of species was found in Talpa de Allende, and most of them were collected in peridomestic areas, particularly chicken roosts and heaps of stones (only species of the M. phyllosomus complex were found in the latter). The presence of a large number of species may increase the probability (Martṍnez-Ibarra et al. 2003a ,b, 2006a . Infestation, colonization, density, and crowding indices were low in most villages, because, generally, triatomines were collected from only a few houses in each village, and just in some of them nymphs were collected. This may well be an advantage, should a control program based on insecticide sprayings be implemented in these villages, because these foci could be easily and inexpensively eliminated. Based on the entire series of entomological indicators, only the inhabitants of Gavilán El Progreso-La Villita are at serious risk of vectorial infection by T. cruzi, a risk conÞrmed by the low number of human cases of ChagasÕ disease reported in western Mexico (Martṍnez-Ibarra et al. 2006b ).
The current study conÞrms the importance of M. longipennis as a vector of T. cruzi in western Mexico. It was the most frequently collected species and had the highest values of dispersion, infestation, and natural infection, as it has been already observed in other studies conducted in Jalisco and Nayarit, and in the neighboring Zacatecas (Martṍnez-Ibarra et al. 2001; Magalló n-Gasté lum et al. 2004 ). In the current study, most T. barberi specimens were adults found in peridomestic areas, particularly chicken roosts, what contrasts to reported collections of mainly domestic populations in different regions of Mexico (Ramsey et al. 2000 , Ló pez-Cárdenas et al. 2005 , Salazar-Schettino et al. 2005 , with low natural infection index, as observed in a previous study (Martṍnez-Ibarra et al. 2006b ). This conÞrms the earlier conclusion that T. barberi is a minor vector of Chagas disease in western Mexico (Martṍnez-Ibarra et al. 2005a , 2006b Magalló n-Gasté lum et al. 2006) . Meccus picturatus and M. pallidipennis presented low dispersion, a low natural infection index, and infested only a small number of houses. Although other studies claim a major role for M. picturatus in the transmission of T. cruzi to human populations in Nayarit (Magalló n-Gasté lum et al. 2001, 2006) , our results lead us to conclude, as determined previously (Martṍnez-Ibarra et al. 2001) , that this species has a secondary role as a vector in this state. Once again, it proved impossible to collect specimens of M. pallidipennis in Nayarit, as reported by Lent and Wygodzinsky (1979) and Galvão et al. (2003) . On the basis of classical (Zárate and Zárate 1985) and recent studies in that area (Magalló n-Gasté lum et al. Martṍnez-Ibarra et al. 2001 , 2006c SSN 2006) , and the current study, if M. pallidipennis was ever present in Nayarit, currently it is no longer found there. Apparently, the former studies received unreliable information in this regard. However, M. mazzottii and M. phyllosomus were collected neither in Jalisco nor in Nayarit, although both species had been reported by different studies in that area of Mexico (Lent and Wygodzinsky 1979 , Magalló n-Gasté lum et al. 1998 , Dujardin et al. 2002 , Galvão et al. 2003 , Takashi-Obara et al. 2007 . Studies on triatomines undertaken recently in Nayarit and Jalisco (Martṍnez-Ibarra et al. 2001; Magalló n-Gasté lum et al. 2006; SSJ 2006 ; this study; J.A.M.-I., unpublished data) include the same communities where M. mazzottii and M. phyllosomus were reported previously (Zárate and Zárate 1985; Tay et al. 1992 Tay et al. , 1996 ; Magalló n-Gasté lum et al. 1998) or immediately adjacent communities, but none of them have collected any specimens of these species. The possible reason for this is that because M. mazzottii and M. phyllosomus usually live indoors Wygodzinsky 1979, Ramsey et al. 2000) , improvements in house construction and extensive use of insecticides have eliminated them, just as T. barberi and M. picturatus were eliminated in Colima (Espinoza-Gó mez et al. 2002) .
The current study has helped to increase knowledge about the role of the major species of ChagasÕ disease vectors in western Mexico. Nevertheless, further studies, even more detailed, are necessary to improve our epidemiological perspective.
